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In  recent.  years  one  has  witnessed,  both  in  the  Soviet 
Union  and  abroad,  a  wide  development  of  investigations  on 
the  laboratory  and  industrial  cultivation  of  unicellular 
algae.  It  is  expected  that  they  might  be  utilized  in  var-  , 
lous  fields  of  national  economy.  The  increased  interest  in 
this  object  is  explained  to  a  large  extent  by  its  potent-  - 
ialities.  In  a  number  of  oases  (Sorokin,  1959)  some! 
strains  of  Chlorella  double  their  biomass  every  three 
hours.  Even  in  the  oaso  of  a  density  of  1  g  of  dry  eub- 
atanoe  of  the  algae  per  1  litre  of  the  substrate  £in  a  lay- 
or  of  10  om  in  thickness)  one  can  harvest  within  one  year 
from  1  ha  nearly  3000  tons  of  dry  biomass.  Since.11  litre 

of  the  nutrient  medium  will  contain  10  g  of  cells  —  in  all 

*  .  \  t  ' 

155  'f  the  substrate  weight  —  1  La  will  yield  during  one 
year  jea^ly  30,000  toss  of  organic  substances.  If  it  were 
possible  to  carry  this  into  effect  on  a  large  scale,  this 
would  have  meant  a  revolution  in  agriculture.  That  is  why 
this  problem  deserves  the  greatest  attention.  Yet  it  seems  .  • 
, to  us  that  the  theory  and  the  practice  of  mass  oultures  of  • 

.  tho  algao  proceeds  from  somo  fundamentally  wrong  principles 
which  arose  historically  and  inhibit  at  present  the  develop- 
ment  and  the  great  potentialities  of  this  new  trend. 

At  present  algao  are  cultivated  in  nass  oultures  for 
the  following  national  and  soientiflo  purposes  * 


-  i  -  /: 


v  v-  ;  STS  4090 


1.  As  the  initial  material. for  the  production  of 
valuable  preparations  (for  instance  vitamins}* 

2.  So  obtain  highly-activo  food  additives,  i«o.  a 
biomaos  the  introduction  of  which  in  a  email  i-roportion  in¬ 
to  the  feed  ration  of  animals  results  in  a  sharp  increase 
of  tho  animal  growth.  Such  biomass  contains  a  largo  quant¬ 
ity  of  biologioally  aotlvo  oubotanooo. 

3*  Ho  obtain  fodder.  In  this  case  the  proportion  of 
algal  biomass  in  the  food  ration  should  amount  to  at  least 
several  per  cent. 

4.  To  obtain  fertilizers.  This  includes  the  cultiva-  . 
tion  of  the  nitrogen-fixation  algae  for  green  manures  and 
in  the  shape  of  the  mother  culture  to  be  introduced;  on  rice 
fields.  . 

5*  la  the  group  of  'autographs'  in  the  generation  of 
ecological  cycles  in  a  closed  space. 

6.  To  bring  into  practice  .the  biological  purification 
of  various  living  and  industrial  waste  products. 

Each  of  these  tasks  presents  to  a  large  extent  an  in¬ 
dependent  trend  —  with  its  specific  problems  and  ways  of 
its  realization.  \ie  shall  analyse  only  tho  prospects  and 
the  possible  ways  of  solving  the  problem  of  cultivating 

i 

algae  so  the  feed  biomass  for  agricultural  animals.  7or 
this  ond  there  are  studied  at  present  some  representatives  .• 
of  the  protoooccus  algae.  The  most  favourite  objeota  aro 
the  representatives  of  the  genera  Ohlorella  and  Scenodesmus,. 
Research  into  other  algae  is  conducted  much  less  frequent-  : 
t  ly.  notwithstanding  the  diversity  of  methods  and  the  largo 
number  of  apparatus  and  equipment,  the  methods  of  mass 
cultivation  of  algae  have  some  oommon  olemonto.  Here  bo- 
long*  (1)  forced:  mixing  of  the  liquid  (bubbling,  pumping,, 
.stirrers  etc.) I  (2)  supplementary  supplying  of  oulturoo  with 
oarbon  dioxide  (other  than  from  the  air)  from  bottles, 


industrial  waste  gases  etc. 

As  a  rule  one  can  cultivate  algae  also  without  stir¬ 
ring  and  without  application  of  additional  COg.-  Kovovor,  ' 
this  results  in  a  sharp  decrease  of  growth  of  the  cultures 
used. 

The  cultivation  of  algae  is  not  the  end  of  the  process 
of  hi  omasa  production.  Moreover,  in  a  number  o;?  osoos  it 
is  not  even  the  most  complex  stage.  'The  obtainod  oulture 
must  be  Isolated  from  the  liquid  and  concentrated.  There 
are  known  the  following  methods  of  separating  oells  from 
the  medium*  separation,  agglutination  with  acid,  applica¬ 
tion  of  coagulants,  flotation,  and  usual  settling.  Each  of 
these  methods  is  entirely  suitable  under  laboratory  oondl- 
tions.  However,  the  application  of  thoso  methods  to  tho 
production  of  biomass  in  the  semi-industrial  cultivation  of 
algae  results  already  in  a  series  of  complications.  And 
none  of  these  methods  is  suitable  for  large-scale  industr¬ 
ial  production.  When  the  thiokneas  of  the  liquid  layer  is 
10  am  it  is  necessary  to  treat  1000  v?  of  the  liquid  in 
order  to  harvest  the  crop  from  1  ha*  And  eiaeo  when  the  ‘ 
time  of  doubling  of  the  cell  number  attains  the  thooretioal 
valuo  it  will  be  nooossary  to  ps3s  through  tho  ooll-ool- 
leoting  systems  8000  v?  of  liquid  per  ha  per  24  hours  • 

In  eaoh  industry  there  exists  a  thooretioal  limit  of 
capacity,  which  oan  be  reached  under  speoiflo  conditions. 

In  the  mass  oulturea  of  the  algae  thin  limit  depends  on 
solar  energy  obtained  by  the  algae.  Jfor  the  industrial  . 
conditions  at  whioh  cultivation  is  oonduotod  on  thousands 
of  ha,  it  is  inexpedient  to  use  -artificial  lighting  at 

I 

■  !3hoa  selecting  rapidly-p.  opagating  straihs  and  creat¬ 
ing  for  them  the  optimum  conditions,  inoluding  tho  hotbed 
offe©t‘  and  the  artificial  heating  in  winter,  one  oen  assume 


that:  tho  quantity  of  assimilated  energy  attains  20%,  i.e.  a 
magnitude  which,,  though  not  easily,  has  been  still  realized 
in  practice* 

.During  the  optimum  growth  conditions  tho  main  limiting 

i 

‘  factor  which  determines  the  biomass  increment  is  the  light* 
w-.Indaed,  one  oan  soloot  a  very  rapidly  growing  strain, 
ohoose  for  it  the  best  conditions,  create  the  successful 
cultivator  (sio)  designs,  but,  in  the  case  of  the  really 
mass  cultivation,  one  will  utilizo  virtually  only  the  sun¬ 
light  energy.  Any  artificial  lighting  will  only  contribute, 
to  the  increase  of  production  costs. 

In  the  research  b $  Stanko  and  others  (1958)  results 
are  adduced  for  Kazakhstan  ~  a  country  highly  favourable 
'  with  respect  to  the  amount  of  the  incident  solar  energy. 
After  having  treated  tho  experimental  data  adduced  by  tho 

•  authors,  we  obtained  the  following  values:  for  the  altitude ' 
;of  780  a  above  sea  level  there  falls  on  the  area  of  1  ha 

•  during  24  hours  8.23x10?  kcal  of  solar  radiation  in  the 
'visual  spectrum  range,  and  for  the  altitude  of  2980  m  — 

1.15x10^  kcal  per  ha  per  24  hours.  -Assuming  that  the  amount 
.  of  absorbed  energy  in  terms  of  the  incident  one  is  20%, 

•  that  tho  numbor  of  photons  with  the  wavelength  of  3500  & 

V-  (i.o.  a  wavolongth  in  the  alddlo  of  tho  opootrum),  whioh 
“  ia  consumed  for  the  regeneration  of  one  molecule  of  carbon 

dioxide,  ia  4,  and  having  carried  out  some  simplifications 
in  calculations ,  wo  obtain  the  following  magnitudes.  At 
..•  the  altitude  of  780  a  above  sea  level  tho  energy  would  euf- 
fioo  for  obtaining  an  alga  harvest,  whioh  would  amount  to 
:  10,950  qulntals/ha  of  dry  aubstanot  per  year,  the  oorres- 
ponding  figure  for  tbo  altitude  of  2980  a  bolng  15,250 
quintsla/ha.  In  oonparlson  with  tho  orop  oapaoity  of  many 
agricultural  oulturos  theoo  figures  osn  bo  undoubtedly 
otlled  record.’  ones,  especially  if  one  takes  into  eooount 
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that  tho  yields  of  cultivated  plants  are  usually  expressed 

*  r 

in  green  weight.  Nevertheless l  the  *•*/«./ iJ on  to  dry  sub- 
stance  of  the  most  fruitful  cultures  (such  as  maize  for 
silago,  sugar-boot  ©to.)  will  reduce  the  usual  productivity 
number  roughly  by  the  factor  of  4  -  5* 

Under  the  mass-culture  conditions  one  failed  even  to 
approach  the  above-mentioned  theoretically  possible  produc¬ 
tivity  figures. 

According  to  the  data  of  foreign  literature ,  the  pro¬ 
ductivity  of -the  blue-green  alga  Tolypothrix  tenuis.  *-hen 
oonverted  to  1  ha,  amounted  to  700  quintals  per  year  (Wata- 
naba  et  al.,  1959)*  According  to  the  data  of  Li  Shang-hao 
et  al.  (1959)*  Sconedesmus  obllouus  produced  a  biomass  of 
750  quintals/ha  per  year.  Zn  the  Soviet  Union  this  problem  ' 
was  studied  in  most  detail  at  the  Biological  Institute  of 
Leningrad  University.  The  maximum  inorement  corresponded 
to  tho  value  which  would  reach  514  quintals/ha  of  biomasa 
per  year  (Chesnokov  et  al.,  I960).  Higher  crops  oan  bo  ob¬ 
tained  under  laboratory  oonditions.  Thus,  Moahkov  (1964) 
quotes  the  inorement  figure  of  40  g  of  dry  substenoe  Taom 
1  m^  during  24  hours.  This  corresponds  to  1460  quintals/ha 
.  per  year.  However,  the  complex  nature  of  the  apparatus  and  ; . 

,  of  .the  technological  prooess  are  very  high  in  this  case.  / 

» , 

Wo  failed  to  find  in  literature  and  indications  with 
respeot  to  the'  ooat  prioe  of  the  biomass  of  algao  cultivated 
. '  in  mass  cultivation.  Therefore  we  shall  adduoe  below  a  • 
theoretical  analyeia  of  thie  ooat  prioe. 

The  most  eoonomioal  ie  the  method  of  mixing  liquids  with 

the  sid  of  mixors.  A  mixer  driven  by  a  1-kW  motor  will 

•  •  •  1 

hardly  bo  ablo  to  offoot  a  aatisfaotory  mixing  on  an  area 

9  •  *  : 

in  oxeeaa  of  100  m.  Kenoe  at  least  100  auoh  mixers  will  -  . 
be  required  for  1  ha.  The  theoretically  poesible  Annual  .  ' 
increment  of  15,250  quintala/ha  will  require  the  oonsuap-  • 


tioa  of  at  leant  the  same  quantity  o.  carbon  dioxido(by 
wolght).  Finally  it  will  bo  indleponeablo  to  coparato  at 
least  once  in  every  24  hours  the  culture  liquid  to  laolato 
the  rapidly  growing  biomass *  i.o.  1000, m^  from  each  hoctoro» 
One  of  tho  existing  contrigugoo,  with  a  motor  of  10  kW,  oa- 


suros  the  separation  of  cells  from  100  litroo  in  tho 
course  of  1  hour.  Let  ue  assume  that  we  shall  sucoccd  in 
increasing  the  productivity  of  the  separators  tenfoldand 
also  to  inorease  by  the  faotor  of  10  their  charoctoriotio 
per  apparatus.  Then  tho  apparatus  with  a  power  of  100  kW 
will  be  able  to  treat  10  m^  of  the  liquid  in  tho  course  of 
1  hour*  Ten  such  apparatus  will  be  required 'to  effect  the 
separation  of  the  culture  liquid  at  night.  Consequently  to 
produoe  15»250  quintals  of  dry  biomass  it  will  be  nocoddcry 
to  consume '4,8000000  kWh  of  eleotrical  energy. yearly .  If 
we  aaaume  that  the  depreciation  of  the  equipment  equals  the 
value  of  the  onergy  which  passes  through  it,  and  if  we  add 
to  this  the  oomaeroial  value  of  oarbon  dioxide,  we  shall 
find  that  1  quintal  of  dry  biomass  will  ooot  530.20 
roubles.  .And  this  figure  does  not  include  the  cost  of  tho 
building  where  the  algae  are  cultivated,  the  wagoa  of  tho 
aervloe  pereonnol,  nor  tha  transport  and  other  costs. 

For  the  sake  of  comparison  let  us  remind  that  the  com¬ 
mercial  value  of  1  quintal  of  potatoes  la  9  roublos.  The 
improvement  of  teohaloal  means  will  roduoo  tho  oost  price 
of  the  biomass,  but.  avan  in  this  oaso  it  will  bo  higher 

than  the  ooat  prloa  of  ordinary  feeds. 

•  « 

Tha  fuadamantal  oriterion  of  tha  expediency  of  an  ind¬ 
ustry  is  its  profitableness.  At  present  we  may  oall  pro¬ 
fitable  the  mass  cultures  of  algae  whlob  arc  grown  for  ob-  . 
talning  valuable  products,  a.g.  oarottno.  Porhapo  it  is 
•  also  profitable  to  produoe  a  biomass  whioh  contains  biolog¬ 
ically  eotlve  eubatamees  whioh  art  used  aa  food  additives. 
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.  Booldoo  tho  achlovoaont  of  tho  mothod  o£  concentration 

■  of  the  biomass,  for  instancy,  by  the  biological  coagulation; 

'  In  air  tanks  of  a  certain  typo,  there  will  bo  likewise  pro¬ 
fitable  tho  culture  of  algao  which  propagate  during  tho 
purification  of'  oowago,  einco  all  oxpenooo  for  tho  cultiva- 
tioa  of  algae  are  related  hore  to  tho  organisation  of  tho  ‘  • 

..  purification  process  of  effluents,  and  tho  cost  of  tho  bio¬ 
mass  equals  virtually  the  expenses  for  the  conoontration  of 
the  biomass  from  the  culture  liquid. 

A  spooial  introduction  of  the  mass  cultures  of  algao 
fcith  a  view  to  obtaining  food  biomass  is,  as  follows  from 
calculations,  not  yet  profitable.  Moreover,  given  the  pre¬ 
sent  principles  of  the  cultivation  of  mass  cultures,  this 

,  is  not  lik»l^  to  happen  at  all  in  the  more  or  less  near 

*  •  • 

.  future.  To  render  the  production  of  feed  on  the  base  of 
'the  mass  algal  cultures  profitable,  it  is  indispensable  to 
.  proceed  from  other  principles  of  organization  of  the  pro- 
:  coes  of  cultivation  and  culture  selection. 

The  erlstlng  criteria  of  the  mass  cultivation  of  algae 
wore  formod  on  the  basis  of  a  randomly  chosen  object  — 

'  Chlorolla.  One  transferred  into  industrial  production  the 

■  laboratory  techniques  of  cultivation  of  this  organism: 
forced  mixing,  artificial  supplying  with  carbon  dioxide, 
lndlapenaabllity  of  a  complicated1  system  of  the  removal  of 

/  biomass  eto.  This  is  explained  by  the  fact  that  Chlorella 
had  been  studied  for  a  long  time  cs  a  convenient  laboratory 
.  .model*  Zts  physiology  end  bloohemistry  are  bettor  known 

f  *  / 

than  for  othor  algao.  For  this  organism  suitable  oomposl-  - 

tlons  of  nutrient  media  had  been  developed,  and  the  eondl-  ' 

tloaa  of  cultivation  were  aloo  well  dovelopod  even  prior  to 

invaetigatione  into  ease  oulturoe.  Finally,  a  good  of foot 
■  *  . 

>  tee  obtained  immediately  the  oulturee  were  started,  i.e.  • 

the  algae  did  grow  and  did  not  die  ewsy.>  This  was  the-  ;  . 
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causo  of  the  "Chlorella  hypnosis.  The  on tiro  problem  of 
tho  mass  cultures  of  algao  was  viewed  through  the  Chlorolla 
prism,  and  tho  ontiro  technology  of  cultivation  wao  croatod 

i 

started  from  the  basic  foundations  of  Chlorolla  cultiva¬ 
tion.  This  alga  became  a  standard  of  a  kind.  All  main 
strains  were  compared!  v.ith  it,  under  conditions  which  had 
been  specifically  developed  for  Chlorella. 

Consequently  there  were  adopted  aa  criteria  for  mass 
cultivation:  no  special  olaims  to  the  medium,  fast  growth 
rato  (from  the  data  of  laboratory  investigations),  high 
protein  content,  high  competition  with  respect  to  tho  con¬ 
taminating  mioro-organisme.  Sometimes  the  culture  require¬ 
ments  can  bo  glvon  in  much  more  detail.  Thus,  Vladimirova 
.and  Somenonko  (1962)  indicate  that,  in  ordor  to  bo  usod  in 
aaaa  oulturea,  the  algal  strains  should  satisfy  tho  follow* 

.  lng  requirements:  high  photosynthesis  intensity  during 
cultivation  on  mineral  media  with  a  high  concentration  of 
salts;  high  growth  energy  when  illuminated  with  high- in-  . 
tensity  light;  thermophilic  properties;  high  resistance 
against  the  penetration  of  extraneous  organisms  and  ability 
to  suppress  the  growth  of  the  choking  microflora  (bacteria 
and  algae).  Zt  should  be  also  mentioned  that  tho  most 
convenient  for  use  in  industrial  cultures  are  the  unicell¬ 
ular  or  omall-oolony  forms  of  algae. 

Vlth  respeot  to  Chlorella  the  above-mentioned  require¬ 
ments  are  oertainly  expedient.  However,  under  conditiono 
„  approved  for  Chlorella.  othor  speoies  may  grow  badly,  and 
tho  Insufficient  investigation  of  their  physiology  doos  not 
permit  to  elucidate  the  optimum  conditions  for  their  cult¬ 
ures;  besides,  the  conditiono  which  are  best  for  Chlorolla. 
are  not  best  from  the  eoonoalo  point  of  view.  Vo  think 
that  the  mass  culture  of  slgeo  osn  bo  only  oomparod  with 
cultivated  plante,  eimoe  the  former  oan  be  justified  only 


If  they  give  a  higher  biomass  yield  than  the  latter  do.  no  ' 
intermediate  standard,  (of  the  Chlorello  typo)  is  roquirod 
here. 

In  the  caeo  of  cultivated  plants  there  aro  no  oxpcnsca 
rolated  to  the  separation,  nixing  of  the  liquids,  addition¬ 
al  supplying  with  gaoeoua  corbon  dioxido  etc.  Tho  oritorio 
of  the  mass  cultivation  of  algao  should  procood  froa  thoco 
facts.  We  tnink  that  the  strains  used  in  cultures,  and  the 
process  itself  of  their  cultivation  should  aeet  the  follow¬ 
ing  requirements. 

1.  The  culture  should  ha  eatable  of  c  good  growth 
without ‘mixing.  In  tho  caso  of  Chlorolla  this  roquiromoat 
is  unaoooptablo.  nixing  improves  tho  gas  oxohango,  tho 
oonditioxn  of  illumination,  and  provonts  tho  settling  of  tho 
oulture.  Settling  worsons  the  growth  of  unicellular  algae 
in  natwe,  where  in  a  number  of  oaaoo  the  jht-insi+c*  mixing 
io  lacking.  However,  many  algae  grow  fairly  intensively 
undor  these  conditions.  To  tell  the. truth,  Chlorella  haa 

a  poor  growth  under  auch  conditions  •  It  is  theroforo 
nocoaaoxy  to  look  for  tho  strains  in  other  groups  of  algao, 
Proooedlng  from  gonoral  oonaidorations  it  appears  that  of 
promioo  aoy  bo  tho  strains  whioh  grow  so  a  film  oithor  on 
the  surfaoo  of  the  liquid  or  under  its  thin  layor  on  tho 

t  . 

bottom  of  the  cultivation  vessel. 

2,  The  culfcurg  shoujd.grow  vithouj  additionaWooding 
with^goaooua^carbon  dioxido.  The  oomplications  reletod  to 
additional  f coding  with  oarboa  dioxide  aro  of  twofold  not* 
uro.  In  tho  firot  plaoo,  tho  supply  of  gooeouo  corbon  di- 

■  oxide  froa  oylindoro  la  oxponoivo.  Seoondly,  a  suitable 
plant  in  the  vloinity  is  indlopenesblo.  Tho  additional 
Xeoding  itaolf  complicates  tho  procooa  of  oultlvatlon. 

In  naturo,  tho  highor  plants,  and  the  algao,  thrivo 
w  tho  ordinary  atnosphorio  carbon  dioxido..  Hovovor,  both 


"kinds  of  plants  react  positively  to  the  incrcaso  (within 
certain  limits)  of  this  gas  in  the  ataosphoro.  Unliko  tho 
highor  plants,  some  algao  aro  able  to  assimilate  carbon  from 
solutions  of  carbonates.  Those  compounds  aro  much  choapor 
and  oaoior  transportablo  than  carbon  dioxido  in  gscoouc 
state.  Therefore f  when  choosing  cultures  for  the  mass 
cultivation  of  algae,  one  should  give  profornce  to  those 
vhioh,  firstly,  grow  fairly  well  at  the  usual  COg  content  of 
air,  and,  eooondly,  utilize  intensively  the  oarbonato 
carbon. 

J.  The  culture  should^grow  without  eombinedjaitrogon 

■  nearly^as  weli^s  in^its^presence.  A  sterile  mass  culture  ’ 
is  virtually  iapossiblo.  Moroover,  it  is  also  inoxpodiont 
from  the  point  of  view  of  economics.  However,  the  entry  of 
various  micro-organisms  into  the  cultivation  vessels  is  not 
always  without  effect.  Aocording  to  our  observations  tho 

;  cultures  of  algae  suffer  most  frequently  from  algal  contam- 
.  ination.  Blue-green  algae  can  develop  in  vessels  with 
Chlorella.  and  vioe  fcersa.  Such  contamination  results  al¬ 
most  always  in  a  sharp  drop  of  the  biomass  crop. 

f The  roprosontatlvos  of  tho  gonora  Chlorolla  and  Scono- 
destauo  appear  particularly  frequently  as  the  contaminating 
agent.  Their  Interrelations  and  the  final  result  dopend  to 
a  large  extent  on  the  composition  of  the  nutriont  medium 
.  and  on  the  oondltions  of  cultivation.  If  quo  utilizes 

■  nitrogen-fixing  algae  and  a  nitrogen-free  medium,  tho  re-  ’ 
cult  of  the  struggle  between  the  growing  culture  and  tho 
contaminating  culture  will  nearly  always  turn  out  to  tho 
benefit  of  tbe  former.  Only  if  tho  contaminating  culture 

•  is  also  a  nitrogen-fixing  one,  does  the  state  of  affairs 
become  complicated.  However,  the  probability  of  this  oc- 

ourrenoo  is  immeasurably  less  than  the  possibility  of  oon- 

.  » 

t animation  with  nitrogea-aon-fixing  culturos.  Bosldoo, 


•  to  be  competitive  with  tho  main  culture,  tho  contaminating 
nitrogen-fixing  agent  ought  to  have  a  high  growth  rato  — 
and  thia  ia  seldom  the  case. 

In  principle  the  mass  culture  can  he  conducted  when 
tho  fixed-nitrogen  content  of  the  medium  is  low,  and  when 
contamination  io  detected  one  can  stop  oomplotoly  the 
supply  of  nitrogen.  If  strains  are  used,  which  grow  woll 
without  nitrgen  salta  (aio),  thia  simplifies  and  choapene 
even  more  the  process  of  production  of  algal  biomass. 

4.  The  culture  ought  to  be  'thermo-tolerant*.  It  is 

m  m  m  m  m  m  m  a  mmmmmmmmummmm 

at  p-esent  p  linos t  generally  accepted  that  moat  promising 
are  the  thermophilic  algae.  Nevertheless  it  seems  to  ua 
that  this  is  not  the  case.  We  call  thermophilic  those 
mioro-organisms  which  grow  better  at  higher  tempera bu re n» 
in  i - hh+h lUitm  U iv  ther/ubx. hilic  orguniomo  are  re¬ 
ally  promising.  However,  in  the  mass  cultivation  of  algae 
the  higher  temperature  in  the  cultivating  vessels  is  not 
likely  to  be  maintained  during  &  greater  part  of  the  day. 

!  Thia  is  tantamount  to  saying  that  the  thermophilic  organ- 

i  lame  will  not  be  able  to  develop  at  their  optimum  temperat¬ 
ure.  Also  the  •  .u .  meaophlls  '/  will  find  them- 

;  solves  in  a  disadvantageous  position.  In  tho  best  condi-  . 

■.  tiono  will  be  algae  with  an  extended  tempera turo  optimum, 

t  ^  * 

which  do  not  fear  a  temperature  rise  and  do  not  stop  their 
"growth  ia  thia  oaeo* 

i 

5*  ?he  separation  of  biomass  should  be  carried  out 
!  '  with^simgle  and  economically ^advantageous  gethods.  At 
first  sight  this  is  a  merely  technical  problem.  We  think 
nevertheless  that  it  completely  depends  on  the  organism 
chosen  and  on  its  growth  oharact aria tic.  .  S*or  Chlorella  it 
I  is  difficult  to  expect  a  simple  solution  of  this  problem. 

|  But  when  the  cells  of  tho  algae  will  fora  large  aggregates, 
i  settle  rapidly,  settling  itself  will  make  it  possible 

’  •  »■.  ’  ■  ;  r. 
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to  concentrate  the  biomass  to  such  an  extant  os  to  separato 
it  subsequently.  Even  still  more  simply  and  economically 
more  advantageously  one  can  collect  with  scrapers  the  cult¬ 
ure  crop  that  grows  as  a  film  on  the  bottom  of  the  building. 
Pinaily,  when  the  algae  will  grow  aa  a  film  on  the  Gurfaco 
of  the  liquid,  it  will  bo  possible  to  collect  thorn  with 
rakes. 

6.  Jhe*  culture  Bustjaot^be  toxic.  used  as  feed 

the  biomass  must  act  be  toxic,  or  at  least  its  toxicity 
should  be  removable  by  such  uncomplicated  methods  as  drying 
or  short  preparation. 

?.  The  culture  liquid  should  be  utilized .  The  algae 

organic 

secrete  into  the  medium  a  considerable  quantity  of/sub- 
Btancos.  Therefore  the  problem  of  utilizing  these  sub¬ 
stances  is  very  urgent.  This  liquid  can  be  fed  to  animals. 
However  this  is  practicable  when  the  oulture  contains  a  re¬ 
latively  small  quantity  of  liquid.  A  very  high  biomass 
concentration  is  not  oompulsory.  Thus,  for  some  blue-green 
algae  the  dry-matter  content  of  the  green  biomass  is  loss 
than  4#.  Bonaequoatly,  when  the  density  of  the  dry  matter 
is  10  s/1  the  cells  will  contain  not  loss  than  a  quarter  of 

> 

the  entire  liquid.  It  is  possible  in  principle  to  obtain 
even  a  considerably  higher  density.  Consequently  tho 
quantity  of  tho  supernatant  liquid  will  bo  comparatively 
'  small. 

To  put  these  principles  into  praotioe  it  is  indispens- 
'  able  to  ohange  radically  the  praotice  of  oulture  selection. 
Up  till  now  tho  work  used  to  begin  with  tho  utilization  of 
tho  strain  already  available  in  oolleotions.  Instead,  it 
'is  necessary  to  begin  with  the  isolation  of  strains  select¬ 
ed  in  nature,  whioh  would  moot  tho  established:  roquiro-  . 
moats.  Tho  initially  selootod  culturos,  just  aa  tho  oulti- 
vstod  plants,  must  undergo  a  coloction.  tfoxt  it  is  nooooo- 


ary  to  study  tho  physiology  of  nutrition  of  tho  obtainod' 
variants,  and  only  thon  to  ohock  thon  in  mass  oulturo.  It 
ooomo  to  us  that  only  thon  is  it  possible  to  oxpoct  a  pro¬ 
gress  in  the  mass  cultivation  of  algae  with  a  view  to  ob¬ 
taining  a  biomass  to  bo  used  as  feed. 

A  question  may  ariso  —  are  the  enumerated  roquiro- 
menta  not  too  impracticable?  Aocording  to  previous  results 
the  answer  is  —  no.  At  the  prosent  time  culturos  were 
obtained  at  the  Institute  of  Microbiology  and  virusology  of 
the  Academy  of  Soienoes  of  the  TTkr.S.S.R.,  whioh  grow  on 
tho  surfaoo  of  water  and  oan  be  therefore  easily  separated 
from  the  medium,  which  assimilate  the  carbon  from  carbonates 
do  not  require  mixing  and  grow  well  as  the  expense  of  at¬ 
mospheric  nitrogen,  and  finally  are  resistant  to  temperat¬ 
ures  up  to  40°0. 

It  should  be  hoped  that  further  research,  based  on  the 
above-mentioned  orltorla,  will  result  in  strains  which  aro 
evon  hotter  than  those  obtainod.  till  now*  * 
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